INTRODUCTION
The Aleutian Islands, an archipelago of more than 300 islands, stretch more than 1,600 km from the western tip of the Alaska Peninsula at 163° W latitude (Unimak Island) to beyond the International Dateline at 172° E longitude (Attu Island) and span over 425 km of latitude (between 51 and 55° N) . This remote archipelago is uniquely situated between the American and Asian continents and between two major bodies of water, the North Pacific Ocean and the Bering Sea (Fig. 1) . The easternmost islands are situated on continental crust, whereas those west of Samalga Pass are distinctly oceanic. The islands are grouped in five major clusters, which are separated by increasingly wider and deeper passages from east to west . Ocean mixing and transport along the archipelago are driven by upwelling, tidal action through passes, and three major currents: the Alaska Coastal Current and the Alaska Stream flow westward on the Pacific side, and the Aleutian North Slope Current flows eastward on the gae thrive in the Aleutian littoral zone, including members of the Bangiales (Lebednik and Palmisano 1977) . In fact, the wide spray zone of the upper intertidal is ideal habitat for many species of Bangiales, which favor cool waters with frequent disturbances that not only provide cleared substrate for colonization but also challenge the tenacity of invertebrate herbivores. Species of Bangiales often form a distinct band visible from offshore and can be an abiding feature of the Aleutian littoral zone. Although species of Bangiales are commonly found throughout the Aleutian Islands, their identity and distribution have been poorly documented because of the lack of collection due to remoteness and the challenging environment of the archipelago and the application of appropriate methods of determination. Wynne (1972) published the only study that focused on foliose Bangiales in this region, but his efforts were limited to Amchitka Island. Conway et al. (1975) included a number of records of Bangiales from the Aleutian Islands in their work. Both of these studies, however, were done at a time when morphology was still the main method for seaweed identification. Today, DNA sequencing is essential for identification of species such as foliose Bangiales, which have few morphological characters to distinguish them (Sutherland et al. 2011) . and Lindstrom et al. (2015) included records of foliose Bangiales from the Aleutian Islands, but that Bering side (Ladd et al. 2005) . Sea surface temperatures range from 5 to 10°C in summer and drop to near 0 in winter (Rodionov et al. 2005) .
The shores of the Aleutian archipelago offer some of the most exposed habitats of any rocky coastline on earth and experience a cool, wet and windy marine climate. Extreme winter storms are fueled by the notorious lowpressure area known as the Aleutian Low, and moistureladen fog often blankets the coast in summer (Rodionov et al. 2005) . Coastal areas are generally characterized by high cliffs with rock ramps (≥100 m wide) or steep bedrock, boulder, and cobble beaches. Substrates range from basaltic lava flows to tuffs, breccia, conglomerates, and sandstone (Gard 1977) . Oceanic ground swells constantly carve shorelines, forming wave-cut channels, rounding boulders and cobble, eroding sea cliffs, and creating extensive spray zones. In addition to wind, weather and waves, the islands are also home to 37 extant volcanoes, and eruptions impacting coastal habitats are common (Jewett and Drew 2014) . The archipelago's vast and complex physical setting creates highly variable and isolating conditions between island groups and even neighboring islands. Endemism can be expected along this extensive but narrow chain of islands (Kawai et al. 2008, Jewett and Clark 2011) .
Despite this forbidding environment, marine macroal- http://e-algae.kr new to science, and we describe these below. We also describe a third Alaskan species of Boreophyllum; although it is thus far unknown from the Aleutians, it occurs nearby at the western end of the Alaska Peninsula.
Boreophyllum aleuticum S. C. Lindstrom & M. R. Lindeberg sp. nov. (Fig. 2A) This species was identified as Unknown #4 in .
Description. Thalli to 1 m in length and width although usually much smaller, broadly ovate, obovate, or nearly orbiculate, often lacerated or even lobed, with margin very slightly but deeply ruffled. Base cuneate to umbilicate. Monostromatic, with a single chloroplast per cell. Dark red, brown to nearly black, oily-looking when alive; dusky purple when dried. Adhering well to paper. Vegetative thalli 50-85 µm thick. Male and female reproductive cells on separate plants. Spermatangia in irregular marginal sections of thalli, mostly distal, occurring according to the Hus formula 2-4/a, 2-4/b, 8-16/c (Hus 1902 ); spermatangial thalli 75-100 µm thick. Zygotosporangia in nearly inconspicuous reddish marginal sections, occurring according to the Hus formula 1-2/a, 1-2/b, 2-4/c; zygotosporangial thalli ~75 µm thick.
Holotype. UBC A90644, Haycock Rock, Kiska Island, low intertidal, Jun 30, 2007, Leg. M. R. Lindeberg ALEUT07_119. GenBank KT936157. The holotype consists of two thalli, one spermatangial, the other zygotosporangial.
Isotype. ALEUT07_118 in UBC (A90643) consists of a single thallus, which is spermatangial.
Etymology. Thus far, this species has been collected only in the Aleutian Islands, hence its name.
Habitat. On cobble or larger rock in the mid to low intertidal zone.
Phenology. Specimens have been collected only in May, June, July, and August (the only months when Aleutian sites were visited). Spermantangia were observed in early June collections as well as later but zygotosporangia not until late June. region was not the focus of their studies.
We have now sequenced the rbcL gene of over 100 collections of foliose Bangiales made in the Aleutian Islands and the western Alaska Peninsula during the past 25 years, and we have examined several hundred additional specimens of Bangiales collected during this period. Below we provide records of these species in the region, including descriptions of previously unnamed or incorrectly identified species. This baseline information will aid future studies in biodiversity and phytogeography, especially as this region faces climate-related changes (e.g., ocean warming, acidification, and changing weather patterns).
MATERIALS AND METHODS
Specimens were collected in the Aleutian Islands in 1990 , 1992 , 1993 , 1999 , and 2000 by D. A. Guthrie, in 2004 by S.C. in 2006 and by M. R. Lindeberg. Some of these were included in earlier publications , Lindstrom et al. 2015 ; the rest are listed in Appendix 1. Specimens were pressed fresh on herbarium paper with a small portion of the 2004-2008 specimens desiccated in silica gel for later extraction of DNA. These herbarium vouchers are deposited in the UBC herbarium. DNA extraction, amplification and sequencing followed with the replacement of the forward primer F57 with KitoF1 (5′-TGTCTCAATCCGTAGAATCA-3′) and the use of Bangiales-specific primers for material not desiccated in silica gel or otherwise difficult to amplify (Table 1) .
RESULTS
We identified 17 species of Bangiales in our Aleutian collections based on DNA sequencing ( Table 2) . Twelve of these have been described previously. Two Bangia-like species await descriptions of the genera in which they occur before the species can be described (see Sutherland et al. 2011) . Three foliose species from the Aleutians are 
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Boreophyllum aestivale and B. ambiguum differ by 7 bp (0.5%) fixed differences. These differences are evident even between specimens that co-occur on the same rock. Specimens of B. ambiguum are often quite large and nearly orbiculate in contrast to the usual broadly lanceolate form of B. aestivale. This difference, however, may merely reflect that the former has usually been found in fairly protected habitats, whereas the latter is often seen on exposed shores.
Pyropia taeniata S. C. Lindstrom sp. nov. (Fig. 2C)
This species was identified as Unknown #2 in .
Description. Thalli lanceolate to linear, usually tapering to a point when young, with finely ruffled margins (male thalli occasionally planar), reaching at least 44 cm in length and 14 cm in width although usually shorter (20-40 cm) and much narrower (1.2-3.0 cm); often distinctly stipitate. Monostromatic, with a single chloroplast per cell. Adhering well to paper. Color usually reddish pink, reddish brown, or reddish purple. Male and female reproductive cells usually on separate plants; when on the same thallus, sectored by a vertical line (UBC A90660) or even monoecious, with marginal spermatangial streaks adjacent to zygotosporangial patches (UBC A90661, A90669, A91706, A91709, A91711, A91742, A91743, A91744, and A91752). Spermatangia in a narrow band along the margin, occurring according to the Hus formula 2 /a, 2-4/b, 8/c; spermatangial thalli 45-70 µm thick. Zygotosporangia in reddish distal ends and along distal margins, becoming hieroglyph-like or mottled as spores are released, arranged according to the Hus formula 2-4/a, 2-4/b, 4/c; zygotosporangial thalli 45-50 µm thick.
Holotype. UBC A90672, Sunshine Cove, Lynn Canal, Southeast Alaska, low intertidal bedrock, Apr 19, 2011, Leg. S. C. Lindstrom 14611. GenBank KT936189. The holotype consists of two thalli, one spermatangial, the other zygotosporangial.
Isotypes. There are no isotypes, but there is abundant topotype material in UBC and ALAJ, the herbarium of the University of Alaska Southeast, Juneau (see Comments below).
Etymology. The specific epithet refers to the fine, ribbon-like nature of the thallus.
Habitat. This species occurs on low intertidal rock, usually bedrock or boulders, except in the western Aleutian Islands, where it occurs in the mid to high intertidal and may also occur epiphytically.
Phenology. This is a spring species, extending into Known distribution. Thus far known only from the Aleutian Islands: Akutan, Adak. Ogliuga, Amchitka, and Kiska (Table 2 , Appendix 1) although probably occurring on additional islands in the chain.
Comments. This species clearly belongs in the genus Boreophyllum based on rbcL and 18SrRNA gene sequences , Sutherland et al. 2011 . It is sister to the clade containing the other species of Boreophyllum that have been described (B. aestivale, B. birdiae, and B. pseudocrassa).
Boreophyllum ambiguum S. C. Lindstrom sp. nov. (Fig. 2B) Description. Thalli to at least 50 cm in length and width although usually much smaller, broadly ovate, obovate, or nearly orbiculate, often lacerated or even lobed, with margin moderately ruffled, particularly proximally. Base umbilicate. Monostromatic, with a single chloroplast per cell. Dusky purplish rose when dried. Mostly adhering well to paper. Male and female reproductive cells on the same thalli but on separate "halves," separated by a very irregular, often inconspicuous vertical line. Spermatangia in more or less solid smears across the distal end of thallus, occurring according to the Hus formula 2-4/a, 2-4/b, 8/c; spermatangial thalli 52-65 µm thick. Zygotosporangia in mottled, very slightly rosaceous smears, occurring according to the Hus formula 1-2/a, 2/b, 4/c, with clearly visible cell walls separating packets; zygotosporangial thalli 55-85 µm thick.
Holotype. UBC A90188, head of Northeast Harbor, Sanak Island, Alaska, lower mid intertidal, on large boulder, Aug 31, 2012, Leg. S. C. Lindstrom 15128. GenBank KT936164.
Isotypes. SCL 15130 in UBC (A90189). GenBank KT93 6165.
Etymology. The species epithet derives from the difficulty in differentiating this species from the other species of Boreophyllum in the Alaska flora.
Habitat. Mid intertidal boulder, cobble, and pebble. Phenology. Specimens have been collected in July and August; so, like its sister taxon B. aestivale, this appears to be a summer species, likely extending into autumn.
Known distribution. Confirmed to occur from the eastern Gulf of Alaska (La Chausee Spit) to the tip of the Alaska Peninsula (Cold Bay, Sanak Island) (Appendix 1).
Comments. An earlier record of this species from Prince William Sound was published as B. aestivale (S. C. Lindstrom & Fredericq) S. C. Lindstrom (UBC A84436, GenBank AF452425) (Lindstrom and Fredericq 2003) .
http://e-algae.kr matangia occurring according to the Hus formula 2-4/a, 4/b ,8/c, zygotosporangia, 2-4/a, 2-4/a, 4/c.
Holotype. UBC A90681, Akun Bay, Akun Island, low intertidal boulder, Jun 13, 2008, Leg. S. C. Lindstrom 13780. GenBank KT936200. The holotype consists of two thalli, both of which are fertile.
Isotypes. SCL 13781 in UBC (A90677). GenBank KT93 6203.
Etymology. The name is a combination of Unalaska, where many specimens were first collected and identified, and abbottiae, which is the species to which it is most closely related (they differ by 8 out of ~1,400 bp in the rbcL gene, or 0.6%).
Habitat. This species usually occurs on lower mid intertidal bedrock or boulders usually in areas subjected to some oceanic swell. It occasionally can be found higher or lower on the shore. It can also occur epiphytically on Fucus and possibly other mid intertidal algal hosts.
Phenology. Like its sister species, Py. abbottiae, this species appears to be a spring-summer species. Specimens have been collected in May, June, and July.
Known distribution. Vancouver Island (near Victoria and Malcolm Island), Kenai Peninsula (Chugach Bay), and the Aleutian Islands (Akun Island to Attu Island) (Table 2 , Appendix 1).
Comments. When co-occurring with Py. abbottiae, this species feels "softer." Also, in contrast to Py. abbottiae, this species can occasionally be epiphytic; Py. abbottiae has never been reported to be epiphytic. Kucera and Saunders (2012) also reported this species from the Victoria area of southern Vancouver Island (JN029000 and JN029001, both as Pyropia sp. 1POR).
DISCUSSION
Recent studies of the Bangiales on a global scale (Sutherland et al. 2011) as well as more localized studies in the northeast Pacific , Kucera and Saunders 2012 , Lindstrom et al. 2015 allow us to update the distributions of the following species of Bangiales confirmed herein to occur in the Aleutian Islands: 1) Filamentous Bangiales. Two species of filamentous Bangiales have been confirmed from the Aleutian Islands. One, in 'Bangia 2' (sensu Sutherland et al. 2011) , has been confirmed for the eastern Aleutian Islands. This species ('Bangia 2' sp. 1) is widely distributed in the northeast Pacific from southern British Columbia to the Eastern Aleutian Islands (Lindstrom in preparation) . The other species, 'Bangia 3' sp. 3, has been confirmed from Attu I. summer in colder regions. Most specimens were collected in April, May, and June, but July and August collections were also made in the Aleutian and Pribilof Islands.
Known distribution. Northern Southeast Alaska (near Juneau), Gulf of Alaska west through the Aleutian Islands to Kamchatka .
Comments. This Alaskan species has been identified as Porphra pseudolinearis Ueda since the work of Wynne (1972) . Indeed, Py. pseudolinearis (Ueda) N. Kikuchi, M. Miyata, M. S. Hwang & H. G. Choi and Py. taeniata are related although they are not sister taxa according to Sutherland et al. (2011) despite their morphological similarity. Subsequent studies in Alaska of P. pseudolinearis have rather been of Py. taeniata (Stekoll et al. 1999 , Lin and Stekoll 2007 , Lin et al. 2008 ). These studies were carried out primarily on material from Sunshine Cove, hence the decision to select a specimen from that location rather than the Aleutian Islands as the type of the species. called this species Unknown #2, and Lin and Stekoll (2011) , Porphyra sp.
This species is very closely related to the North Atlantic Py. thulae (Munda & P. M. Pedersen) Neefus, differing from it by only 6 bp fixed differences (0.4%). That said, within the northeast Pacific region, this is the most genetically variable species of foliose Bangiales, with variation in at least 22 positions, all of which are third codons.
Pyropia unabbottiae S. C. Lindstrom sp. nov. (Fig.  2D) This species was identified as Unknown #1 in .
Description. Thallus broadly lanceolate to nearly orbiculate, to at least 30 cm tall and 20 cm wide but usually smaller. Margin very strongly ruffled, especially near the base (the distal end is often quite flat), the ruffles extending nearly to the center of the thallus, especially mid thallus. Center of proximal part also planar, often greenish, whereas rest of blade is dusky pink or purplish. Older thalli often extremely perforated (presumably from littorine grazing and subsequent growth of the blade). Monostromatic, with one chloroplast per cell. Adhering well to paper. Vegetative and reproductive thalli c. 50-60 µm thick. Male and female structures intermixed on same thallus, occurring along a broad marginal area in the distal region of the thallus. Spermatangia in streaks or distinctly patterned patches amid solid red to pale zygotosporangial areas, the solid red areas reminiscent of Py. abbottiae (V. Krishnamurthy) S. C. Lindstrom, the pale areas of Py. fallax (S. C. Lindstrom (Sutherland et al. 2011 ; this species was identified as Unknown #5 in .
There is a possibility that some of the Aleutian Bangiales are the same as some of the poorly known species from the northwestern Pacific Ocean. The northern Japanese species of Porphyra bulbopes (Yendo) Ueda, P. ochotensis and P. punctata Yamada & Mikami have yet to be studied in a molecular context (Kurogi 1972) , as is also the case with the Russian P. inaequicrassa Perestenko (1980) . Klochkova et al. (2009) provide descriptions and illustrations of a dozen foliose Bangiales from the Kamchatka region of Russia but without reference to type material or molecular sequencing.
Although the Aleutian Islands offer a near-ideal habitat for species of Bangiales (cold, high disturbance, limited herbivory), the numbers of species we were able to confirm is surprisingly low (2 filamentous and 15 foliose species). We suspect that a number of species have yet to be uncovered in the flora. Collecting opportunities are largely limited to summer months (May to August), and this may in part be responsible for these low numbers. However, the possibility remains that these numbers reflect the true diversity of Bangiales in the Aleutian Islands. Only further intense collecting will determine which is the case.
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2) Foliose Bangiales. Boreophyllum. We recognize two species of this genus in the Aleutian Islands, B. aestivale, which is confirmed only from the eastern Aleutian Is.: Akun I., Akutan I. and Unalaska I., and B. aleuticum, which is widely distributed along the chain (Table 2) Conway et al. 1975 at various islands as P. abbottiae V. Krishnamurthy and P. schizophylla Hollenberg, respectively). We attempted to amplify DNA from several of Wynne's original collections, but only Lebednik AM343 in MICH (970724), originally identified by Wynne as Porphyra yezoensis Ueda, provided an unambiguous sequence, which indicated it to be Boreophyllum aleuticum. The identity of P. ochotensis has yet to be determined; its description suggests it may be a species of Boreophyllum. Pyropia perforata has been confirmed to occur as far west as Kodiak I., Alaska . Pyropia pseudolinearis is restricted to the northwest Pacific, where at least two species are identified under this name (Sutherland et al. 2011) . Porphyra purpurea Sep 29, 1993 D. Guthrie 2111 Guthrie , 2112 Guthrie , 2114 Guthrie , 2115 Guthrie , 2116 Guthrie , 2124 Guthrie , 2125 Guthrie , 2126 Guthrie , 2128 UBC A91901 ALEUT numbers in brackets refer to silica gel material, which was numbered separately from the herbarium vouchers. Additional collecting details can be found for each specimen in the UBC algal herbarium database (http://bridge.botany.ubc.ca/herbarium/search.php?db=ubcalgae.fmp12). Specimens identified only by the collectors´ numbers have yet to be accessioned into the UBC herbarium. Additional records of Pyropia fallax, P. pseudolanceolata, P. nereocystis were published in Lindstrom et al. (2015) .
a In 2012, the name of Rat Island was changed to its native name, Hawadax Island, after rats were eradicated from the island in late 2008.
b Extract number. Sequence not accessioned in GenBank.
